Thousands of children die every year in South Africa from preventable causes, mainly diarrhoea and 52 pneumonia [1, 2] . Progress has been made in the last decade, with child and infant mortality 53 reducing significantly between 2009 and 2012 [3] . This progress has occurred at a time during which 54 there has been rapid scale up of prevention of mother to child transmission (PMTCT) of HIV and 55 improvement in the coverage of other essential child health interventions including immunisations 56 and increased access to water and sanitation. However, this has not been sufficient to reach the 57 country's millennium development goals of reducing infant and under-five mortality rates by two 58 thirds by 2015 . 59
60
As the country looks to a new set of sustainable development goals beyond 2015, there is need to 61 focus on essential interventions that have been shown to be effective in improving child health. 62 In 2011, South Africa initiated its primary healthcare (PHC) reengineering programme in a bid to 71 improve health systems performance and access to health. PHC re-engineering is aimed at 72 positioning PHC as the mainstay of the health sector in responding to the quadruple burden of 73 disease (HIV/TB; maternal and child health; non-communicable burden of disease; and violence and 74 injury). South Africa's approach to PHC reengineering relies heavily on PHC outreach teams which 75 include professional nurses, health promotion practitioners and community health workers (CHWs). 76
77
Global evidence has shown that CHWs can effectively deliver interventions in primary health care 78 including nutrition, maternal and child health, malaria control, tuberculosis (TB) control, HIV/AIDS 79 prevention and control, mental health and non-communicable disease [8] [9] [10] [11] [12] [13] . A Cochrane review of 80 CHW interventions identified 107 randomised controlled trials which showed promising benefits, 81 compared to usual facility care in increasing immunisation uptake in children, improving 82 breastfeeding rates until six months, reducing neonatal mortality and improving pulmonary TB care 83 rates [14] . The review also reported that CHWs interventions reduce child morbidity and mortality; 84 maternal mortality; and increase the likelihood of caregivers seeking care for children who are ill. 85
86
There is a small but growing evidence base of cost effectiveness studies of CHW interventions in low 87 and middle income countries [15] [16] [17] . More recently there is evidence of the cost-effectiveness of 88 CHW interventions in reducing malaria and asthma [16, 17] , mortality of neonates and children 89 [16, 17] , malnutrition [16, 17] , improving maternal health [17] , and increasing exclusive breastfeeding 90 [17] [18] [19] , increasing uptake of home based HIV testing [20] and improving children's physical health 91 and psychomotor development [17] . However, there is still a need to provide more information on 92 the cost and impact of community health worker interventions, in order to aid priority setting and 93 decision making for the improvement of child health. 94 95 F o r p e e r r e v i e w o n l y 5 In this paper, we use the Lives Saved Tool (LiST), a widely used priority setting tool, to estimate the 96 costs of scaling up interventions that can be undertaken at community level [21] . The paper 97 describes the methods used in LiST to estimate the cost of deploying community health workers and 98 the overall impact that interventions can have on reducing child mortality. This information is 99 necessary for South Africa, as it pursues the goal of Universal Health Care. 100
101

Methods
102
This analysis used the Lives Saved Tool (LiST), a module in the Spectrum software, which models the 103 impact of increased coverage of health interventions on maternal, newborn and child mortality [21] . 104
Within the Spectrum software, LiST interacts with other modules, the AIDS Impact Module (AIM), 105
Family Planning Module (FamPlan) and Demography Projections Module (DemProj), to model the 106 impact of more than 60 interventions that affect cause-specific mortality [22] . LiST is a deterministic 107 mathematical model that compares the effect of various interventions on population level risk 108 factors, as well as stillbirths and maternal, newborn and child deaths [21, 23] The modelling methods used in LiST have been widely reviewed [24, 25] . In South Africa, LiST has 122 been used to identify the potential cost and impact of scaling up interventions on stillbirths [4] , 123 diarrhoea [26] and maternal, newborn and child mortality [5, 27] . In our model, we use LiST to model 124 the impact of interventions to reduce child mortality and then estimate the resources required for 125 the portion of interventions that are delivered at community level [28] . All interventions are scaled 126 up from their baseline levels (2015) to full coverage at 99% (2030) . 127 128 Nine interventions (described in Table 1 ) that can be delivered both at community and facility level, 129
and have been shown to effectively impact child mortality are used in the model ( Table 2 ). The 130 baseline mortality rates used were 41 deaths per 1,000 live births for under-five children and 131 13/1,000 for neonates [29] . The causes of newborn and child mortality [30] are given in Figure 1 . 132 Table 2 also shows the percent delivery of each intervention at different levels in the base and target 133 years. Taking promotion of breastfeeding for example, the table shows that in the base year, the 134 coverage of this intervention is 25% and will be scaled up to 99% in the target year 2030. In the base 135 year, breastfeeding promotion is delivered 50% at community level and 25% each at outreach and 136 clinic levels. Setting the percent delivery is essential to determining the resource requirements at the 137 different levels. It is also important to note that LiST models the overall impact of each intervention, 138 and intervention impact does not take into consideration the model of delivery (whether delivered 139 at community or facility level). 140
141
Estimation of costs and resource requirements
142
Costs were modelled from a provider perspective, using the costing module in LiST. The module uses 143 an ingredients approach to costing, based on four components: personnel and labour; drugs and 144 supplies; other recurrent costs; and capital costs. In the analysis for costs of community health 145 workers, the items included are personnel and labour and drugs and supplies. 
Results
160
Overall intervention impact on child mortality (Table 4) . Hand 164 washing with soap (22%) accounts for the highest number of deaths prevented, followed by 165 therapeutic feeding (21%) and ORS (17%). The top 5 interventions account for 82% of all deaths 166 prevented. 167
168
Estimations of resource requirements
169
The total costs of all the interventions used in the analysis (including costs of all delivery channels i.e. 170 community, outreach and health facility) are estimated to be R964 million (R18 per capita) in 2015. 171 This is expected to rise to R7.3 billion (R136 per capita) if interventions are scaled up to 99% 172 
Discussion
188
This analysis used the Lives Saved Tool (LiST), a widely used priority setting tool, to estimate the cost 189 and impact of interventions delivered at community level to prevent child mortality. LiST has been 190 previously used in South Africa to identify the essential interventions that can save the lives of 191 children, together with the costs of these interventions [5] [6] [7] 26, 27] . It has also been used in other 192 low and middle income countries to assess the cost-effectiveness of community health worker 193 programmes [15] . This current analysis shows that scaling up 9 interventions that are conducted at 194 both community and facility level can prevent an additional 8,300 lives per year. The top 5 195 interventions: hand washing with soap, therapeutic feeding for wasting, ORS, oral antibiotics for 196 pneumonia and appropriate complementary feeding, account for 82% of all additional deaths 197
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Africa, delivering various interventions [34] . In our projection, we estimated that approximately 209 40,000 community health workers would be required to deliver the 9 interventions used in this 210 analysis at scale. This could be an underestimate, and we have no basis for comparisons with other 211 studies. Caution should be taken when considering our estimate, because it is based on a projected 212 baseline level of coverage for the modelled interventions, level of effort required to deliver the 213 interventions and an annual salary, all of which could be different in other models. 214
215
The labour costs of community health workers have been provided in this analysis. We show that at 216 scale, an estimated cost of R2.2 billion (R41 per capita) per year will be required. The top 5 most 217 effective interventions are also the most costly, probably because they are more personnel intense, 218 with a lot of time spent on extensive demonstrations. Provision of oral antibiotics for example 219 requires diagnosis, treatment and follow up. It is important to note though, that the overall cost of 220 an intervention will be influenced by among other things, the level of coverage, with more effort 221 required to scale up low coverage interventions. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   10 The costs provided in this analysis are likely an underestimate of the true costs of deploying 224 community health workers, which have been shown to be substantial. Equipment costs have not 225 been included, nor have the usually large administrative costs also been considered. Future research 226 should look into providing the overall cost structure as this has important implications for how 227 health workers are deployed and accounted for. Future analyses should take these costs into 228 consideration, as it has been shown that they can contribute to the overall cost-effectiveness of 229 interventions [19, 35] . 230 231 This analysis also had a limitation in that it did not consider the interventions included as part of a 232 package of interventions that can be delivered by a single health worker. The interventions are 233 standalone. Considering a synergistic approach to providing services could be useful particularly in 234 terms of reducing costs. However, other considerations should also be made on how this would 235 work and on whether a health worker loaded with several different messages to deliver to a home 236 will be as effective as one who is focused on one specific message, e.g. breastfeeding promotion. 237
238
Further, though this analysis provided information on the cost of interventions that can be 239 undertaken at the community level, it did not in itself provide an assessment of the effectiveness of 240 using community health workers to deliver the said interventions. When analysing community 241 interventions using LiST, it is not immediately possible to isolate the impact of adding the community 242 health component on mortality outcomes. The impact of an intervention is based on its overall 243 potential to reduce a particular risk factor, not on its delivery channel (i.e. community or facility). In 244 a trial for example, it may be possible to assess the impact of delivering breastfeeding promotion 245 through community health workers or nurses at a clinic. What is possible with LiST is an assessment 246 of the resources that are required at various levels of service delivery. Thus one can estimate the 247 number of minutes required for community health interventions, the labour costs and total number 248 of services. 249 package is and how it can be delivered is essential. In order to do this, there is need to consider 265 essential and effective interventions that will have the most impact on saving the lives of South 266 African children. In this paper, we have provided information on the cost and impact of 9 effective 267 interventions that can be delivered at community level. We show that implementing just 5 of these 268 interventions can prevent as many as 6,800 additional deaths of children every year. The community 269 health worker costs of implementing the 9 interventions do not seem to be substantial, at R41 per 270 capita. This seems to be well within the scope and affordability of the South African health budget. 271 workers for all and all for health workers. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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Contributorship statement
Intervention
Description of the intervention
Breastfeeding promotion
Breastfeeding promotion can be either one-on-one or group meetings. It is assumed that children 1-5 months of age who are exclusively breast fed do not need breastfeeding promotion.
Complimentary feeding
This intervention only benefits children 6-24 months of age who are living on more than a dollar a day; This can be delivered in the home, community or clinic, by health professionals or health volunteers. It includes the assumption that breast feeding should be continued for children 6-24 months of age, (but does not affect breast feeding rates). The intervention includes education on the proper foods to prepare as well as appropriate hygiene for food preparation.
Vitamin A supplementation
This intervention covers the percent of children 6-59 months receiving full coverage with Vitamin A. Full coverage of Vitamin A supplementation is considered to be 2 doses of Vitamin A in the past year. It is assumed that all children in a country with Vitamin A deficiency are in need of Vitamin A for prevention.
Hand washing with soap
Appropriate hand washing is defined as washing hands with soap, ash or other materials and using adequate water, after handling faeces and before preparing food.
Hygienic disposal of children's stools
Percent of children's stools that are disposed of safely and contained. Stools are considered to be contained if: 1) the child always uses a toilet/latrine, 2) the faeces are thrown in the toilet or latrine, or 3) the faeces are buried in the yard.
Oral rehydration solution (ORS)
Percent of children with diarrhoea given ORS from sachets. This includes sachets or premixed solutions of ORS.
Oral antibiotics for the treatment of pneumonia
Proportion of children 1-59 months with suspected pneumonia or ARI treated with antibiotics
Therapeutic feeding for wasting
Percent of wasted children receiving therapeutic feeding. Therapeutic feeding is outpatient treatment for severely wasted children (<-3Z) including supplementation with food (such as PlumpyNut) and maternal education. Therapeutic feeding is only applied to the percent of children severely wasted. It shifts children from the severely wasted category to moderately (-3to-2Z) and mildly (-2to-1Z) wasted categories.
Treatment for moderate malnutrition
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• The model used in this analysis offers an alternative to measured impact of community 46 health interventions, which can be costly undertakings. 47
• One limitation of this analysis is that interventions for saving the lives of children are 48 included as standalone interventions and not packages of care, thus the overall impact is 49 potentially overestimated. 50
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Africa, delivering various interventions [34] . In our projection, we estimated that approximately 228 11,000 community health workers would be required to deliver the 9 interventions used in this 229 analysis at scale. This could be an underestimate, and we have no basis for comparisons with other 230 studies. Caution should be taken when considering our estimate, because it is based on a projected 231 baseline level of coverage for the modelled interventions, level of effort required to deliver the 232 interventions and an annual salary, all of which could be different in other models. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 implemented in reality, as packages. It is therefore possible that we potentially overestimated the 255 overall health impact of the interventions included in this analysis. Further, we also could have 256 overestimated the costs, since savings tend to be higher when interventions are packaged than 257 when they stand alone. However, other considerations should also be made on how packaged 258 community health services would work and on whether a single health worker loaded with several 259 different messages to deliver to a home will be as effective as one who is focused on one specific 260 message, e.g. breastfeeding promotion. package is and how it can be delivered is essential. In order to do this, there is need to consider 290 essential and effective interventions that will have the most impact on saving the lives of South 291 African children. In this paper, we have provided information on the cost and impact of 9 effective 292 interventions that can be delivered at community level. We show that implementing just 5 of these 293 interventions can prevent as many as 6,800 additional deaths of children every year. The community 294 health worker costs of implementing the 9 interventions do not seem to be substantial, at R41 per 295 capita. This seems to be well within the scope and affordability of the South African health budget. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Breastfeeding promotion can be either one-on-one or group meetings. It is assumed that children 1-5 months of age who are exclusively breast fed do not need breastfeeding promotion.
Complementary feeding
Vitamin A supplementation
Diarrhoea 47%
Hand washing with soap
Diarrhoea 48%
Hygienic disposal of children's stools
Diarrhoea 20%
Oral rehydration solution (ORS)
Percent of children with diarrhoea given ORS from sachets. This includes sachets or pre-mixed solutions of ORS.
Diarrhoea 93%
Oral antibiotics for the treatment of pneumonia
Proportion of children 1-59 months with suspected pneumonia or ARI treated with antibiotics Pneumonia 70%
Therapeutic feeding for wasting
Other causes 20%
Treatment for moderate malnutrition
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Measurement of effectiveness 11a
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